Introduction
The authors are grateful for the valuable comments concerning the developed complete contact fretting test device. In the original article, 1 the primary goal was to introduce the design, instrumentation and proper functionality of the test device. In addition, the results of the first fretting and plain fatigue tests are shown in basic form. In the discussion paper, 2 the respondents suggest that the experimental data could be processed more comprehensively and propose an asymptotic stress analysis. The proposed method is, in this respect, a welcome extension to the original article.
In the original article, the fretting fatigue test results are compared to the plain fatigue test results using the nominal bending stress value in the specimen. Although in the plain fatigue tests this nominal stress value can be used to describe the state of stress in the crack nucleation regime, in the fretting tests the case is very different due to the complex stress state at the contact edge, as pointed out in the discussion paper. Nevertheless, this classical way of representing the results is commonly used in mechanical engineering. As noted by the respondents, a disadvantage is that the results in this case may not be easily interpreted and generalized.
Asymptotic stress analysis
The respondents propose an asymptotic stress analysis method to interpret data from the test device. Such a method was also mentioned by the authors in the original article. Not only can the stress state at the crack nucleation regime be found by using this method, but the crack nucleation conditions can also be quantified and used further for similar geometries. The authors calculate that contact separation has occurred in each fretting test, which inevitably means that slip has also occurred between the surfaces, despite of the friction coefficient. Indeed, fretting marks caused by slip were found in all the test specimens. However, slip can also be created, as noted by the respondents, when the contact is fully closed but the coefficient of friction is lower than the given value g I r ¼ 0.543. In the asymptotic analysis of the discussion paper, it is assumed that the mode I stress intensity controls the crack nucleation. The fretting test results from the original paper are presented in the form of a DK I -N 1 curve and the fatigue limit is found in terms of the stress intensity factor, which is a very interesting outcome. Only the macroscopic crack nucleation test data (from Figure 8 ) is used. It should be emphasized that the crack already has a macroscopic length, and its recognition depends on the measurement system used. Calibration of the system is a future plan, as noted in the original article.
In terms of universalizing the results to different loading conditions, a disadvantage of the current procedure may be that DK I does not take into account the effect of the static clamping load p 0 . With the developed test device, it has been shown 3 that the fretting fatigue limit increases by about 15% when using a contact pressure value of 30 MPa, compared to the value of 100 MPa. These results suggest, therefore, that the clamping load should be taken into account if the results are to be transferred over different loading conditions, i.e. contact pressure values. The respondents acknowledge, however, that more advanced investigation lies beyond the scope of the discussion paper.
Use of the asymptotic method seems to be an effective way of quantifying fretting or notch fatigue crack nucleation. After numerical calculation of the stress intensity factors, the method is fast to apply. At present, it seems that experimental fretting test data with the same material but at least with different loading conditions is needed to validate the asymptotic method as a crack nucleation tool.
Conclusions
The respondents propose an asymptotic stress analysis method to interpret data from the developed fretting test device and show impressive outcomes.
